The objective of this article is to propose a new approach for evaluating research and development (R and D) projects in different stages of their life cycle. More recently, some researchers have proposed data envelopment analysis (DEA) as a tool for evaluating R&D projects. In order to eliminate the inconsistency caused by using different frontier facets to calculate efficiency, common set of weights DEA models have been developed, under which a group of decision making units (DMUs) can be ranked for a specific period. Our approach integrates the balanced scorecard (BSC) and common set of weights (CSW) in DEA and develops a new model for project evaluation.
INTRODUCTION
Data envelopment analysis (DEA) is a widely recognized technique for evaluating the efficiencies of decision making units (DMUs). Because of its easy and successful application and case studies, DEA has gained too much attention and widespread use by business and academy researchers. Selection of best vendors (Liu and Hai, 2005; Weber et al., 1998) , evaluation of data warehouse operations (Mannino et al., 2008) , selection of flexible manufacturing system (Liu, 2008) , assessment of bank branch performance (Camanho and Dyson, 2005) , examining bank efficiency (Chen et al., 2005) , analyzing firm"s financial statements (Edirisinghe and Zhang, 2007) , measuring the efficiency of higher education institutions (Johnes, 2006) , solving facility layout design (FLD) problem (Ertay et al., 2006) , project evaluation (Mahmudi *Corresponding author. E-mail: salman_abasian@yahoo.com. Tel: +989139795062. et al., 2008; Oral et al., 1991; linton et al., 2002; Sowlati et al., 2005; Eilat et al., 2006 Eilat et al., , 2008 Garcia-Valderrama et al., 2009; Asosheh et al., 2010) and measuring the efficiency of organizational investments in information technology (Shafer and Byrd, 2000) are samples of using DEA in various areas.
Data envelopment analysis (DEA) was developed by Charnes et al. (1978) to measure the relative efficiency of a group of DMUs which use multiple inputs to produce multiple outputs. Basically, each DMU is allowed to select the most favorable weights, or multipliers, for calculating efficiency, which is represented as a ratio of weighted outputs to weighted inputs. Since DMUs treat an input/output factor with varying degrees of importance, the method only distinguishes efficient and inefficient DMUs, and is not suitable for ranking DMUs. Many methods have been devised to rank DMUs under the framework of DEA. Most of them are based on different benchmarks, so results are not comparable among all DMUs. In order to eliminate the inconsistency caused by using different frontier facets to calculate efficiency, common set of weights DEA models have been developed, under which a group of DMUs can be ranked with a common basis.
Since the R&D project evaluation problem is a challenging decision-making problem faced by decision makers that deal with R&D management, we integrate one common set of weights DEA model and BSC for evaluating R&D projects.
The rest of this paper is organized as follows; reviews balanced scorecard and efficiency of R&D; Zohrehbandian et al's approach for obtaining common set of weights; proposed approach for solving one R&D project evaluation problem; an empirical illustration for discussion of our approach; concluding remarks.
BALANCED SCORECARD AND EFFICIENCY OF RESEARCH AND DEVELOPMENT
The BSC (Kaplan and Norton, 1996a ) is one of the latest innovations in management. BSC aims to solve the problem related to the historical nature of the financial measures of accounting systems (Banker et al., 2004; Bremser and Barsky, 2004; Dearden, 1969 Dearden, , 1987 Hopwood, 1972; Johnson and Kaplan, 1987; Kaplan and Norton, 1996a; Merchant, 1985; Vancil, 1979) . It does so by integrating financial and nonfinancial strategic measure variables in a cause-and effect relationship which assumes the following: measures of organizational learning and growth, measures of internal business processes, measures of the customer perspective and financial measures. The assumption that there is a cause and-effect relationship between the suggested areas of measurements is essential because the measurements in non-financial areas make the performance measurement system a feed-forward control system (de Haas and Kleingeld, 1999) , which solves the problem of the historical nature of accounting data (Kaplan and Norton, 1996a: 8) .
According to Kaplan and Norton (1992) , the balanced scorecard is "a new framework or structure created for integrating indicators derived from the strategy that continues to retain financial indicators of the past actions, completed with inductors of future financial actions. The inductors, which include the customers, the processes and the perspectives of learning and growth, are derived from an explicit and rigorous translation of the strategy of the organization into tangible objectives and indicators".
The strategies and the lines of action that would enable the company to achieve its strategic vision should be translated into each of the perspectives. The company"s strategies in the perspectives of learning and growth and in internal processes that are important in R&D activities will be those that, in short, help it to meet its strategic objectives related to the satisfaction of its customers and shareholders. Each measurement is part of a chain of Ahmadabadi and Abbasian_Naghneh 7737 cause-and-effect links. There must be a balance between the measurements of results (against financial, market and customer goals) and the motors driving those results (proposed value, internal processes, learning and growth in R&D) (Kaplan and Norton, 1993 , 1996b . Although there are relatively few examples of the development and implementation of the BSC in measuring the performance of R&D activities (Kerssensvan Drongelen and Cook, 1997; Kerssen-van Drongelen and Bilderbeek, 1999; Li and Dalton, 2003; Neufeld et al., 2001; Bremser and Barsky, 2004) , there are even fewer studies dealing with the relationship of the BSC with measures of efficiency in carrying out these activities.
The concept of efficiency, when translated to R&D activities, presents the success in the achievement of the objectives and results pursued by companies in undertaking R&D activities, but these objectives and results need to be related to the optimum allocation of the appropriate material and human resources. When R&D activities are undertaken, a series of inputs are consumed, a scientific or technological process is put into action, and later a series of outputs derived from these inputs and processes are obtained; for R and D-based companies, successful outputs are essential for survival and future growth of the company in commercial and financial terms.
With respect to the assessment of efficiency in companies" performance of R&D activities, utilizing the DEA model, the studies of particular interest are those by Thore and Rich (2002) and Thore and Lapao (2002) , in which a methodology for the selection of R&D projects is developed and utilized. Linton et al. (2002) used DEA to split a portfolio of projects into "accept", "consider further" and "reject" groups, as a first step in a portfolio analysis, and then used a graphical analysis approach to complete the evaluation. Cook and Green (2000) also apply DEA in the selection of R&D projects considering resources as the limiting factor.
With respect to previous studies relating the balanced scorecard and efficiency using DEA, some studies have been found that, in a very general way, evaluate the suitability of the BSC (Rickards, 2003) , that relate efficiency and results (Tsang et al., 1999; Rouse et al., 2002; Banker et al., 2004) , or that evaluate efficiency in respect of R&D activities in different countries (Wang and Huang, 2007) . Concerning the evaluation of research projects using methodology based on the DEA method and the balanced scorecard, the papers of Eilat et al. (2006 Eilat et al. ( , 2008 are significant. In the first of these, a methodology is proposed and demonstrated for developing and analyzing the efficiency, effectiveness and balance of a portfolio of R&D projects that mutually interact. This methodology is based on an extension of the DEA methodology in which are included some of the qualitative concepts incorporated in the BSC.
In the study of Eilat et al. (2008) , a method was developed and demonstrated for evaluating R&D projects in different stages of their life cycle. The approach combines DEA and BSC, and the measurement of the inputs and outputs is integrated on ""cards", associated with a ""BSC for R&D projects"; this analytical framework is then applied to a research laboratory that selects and executes a large number of research projects each year.
ZOHREHBANDIAN ET AL'S APPROACH FOR FINDING A COMMON SET OF WEIGHTS
Let and denote the levels of the ith input, i=1,…,m, and rth output, r=1,…,s, respectively, of the jth DMU, j=1,…,n. The CCR model developed by Charnes et al. (1978) for measuring the relative efficiency of the kth DMU under an assumption of constant returns to scale is: 
We can transform the said model to a linear program by setting the denominator in the objective function equal to an arbitrary constant (for example, unity) and maximizing the numerator. The obtained model is as follows: factor and  is a small non-Archimedean number (Charnes et al., 1979; Charnes and Cooper, 1984 ) is imposed to prevent any unfavorable factor from being ignored. This model has a dual which can be formulated as: 
THE IDEA
The original DEA model assesses the relative efficiency of a DMU as the ratio of aggregated outputs to aggregated inputs, where the model selects weights for each DMU so as to present it in the most favorable light. By doing so, it identifies its relative efficiency with respect to an "efficiency frontier" that is defined by all the DMUs being assessed. However, in real world applications virtually unconstrained weights are usually unacceptable (Roll and Golany, 1993) . Likewise, large differences in the weight values for different DMUs may be a concern. Restricted DEA approaches were developed to allow some control over the weights in the model. One interesting approach for solving this difficulty is the use of common set of weights concept. When DMUs are evaluated by common performance attribute weights, the evaluation leads to desirable consequences.
Our approach integrates the BSC and common set of weights DEA model for solving one project evaluation problem. So we use Zohrehbandian et al. (2010) approach for obtaining CSW. The input and output measures for the integrated DEA-BSC models are grouped in "cards" which are associated with a "BSC for R&D projects". The BSC is embedded in the DEA model through a hierarchical structure of constraints that reflect the BSC balance considerations.
NUMERICAL EXAMPLE
The data set for this example is partially taken from Eilat et al. (2008) and contains specifications on 50 R&D projects. The specifications are such as: Discounter cash flow, customer focus group feedback, performance Ahmadabadi and Abbasian_Naghneh 7739 improvement metrics, congruence, importance, synergy with other operations, propriety position, platform for growth, durability, probability of technical and commercial success and investments, where all of these are related to five perspectives that are mentioned in Table 1 . Since for projects the benefit attributes and cost attributes can be interpreted as outputs and inputs, respectively, so we consider investments as input and discounter cash flow, customer focus group feedback, performance improvement metrics, congruence, importance, synergy with other operations, propriety position, probability of technical and commercial success, platform for growth and durability as outputs. So we have 50 research units (DMU) that each unit has one input and ten outputs. The data set is shown in Table 2 .
At present we have 50 DMUs correspond to the projects which have to be evaluated. The inputs and outputs correspond to the attributes to be minimized and maximized respectively.
Hence we obtain CSW for these 50 units that it is same as common performance attribute weights and so we evaluate all units with this common performance attribute weights. The weights generated by proposed method for CSW is: ( , u ) = ( v , u , u , u , u , u , u , u , u , u , u Now we can evaluate all units with this attribute weights. Solving 6 for each project gives the following efficiency scores and ranking of projects shown in Table 3 . Table 3 presents the results of the implementation. The first three fold of columns is the result of our approach and the second threefold of columns shows the results obtained by applying the CCR model without balance constraints at all. The third three fold of columns shows the outcome of the first managerial approach presented in Eilat et al. (2008) . The forth three fold of columns shows the results obtained by applying the second managerial approach in Eilat et al. (2008) . The balance bounds for the latter two cases are presented in their paper. The score column in each three fold presents the DEA efficiency score; whereas the rating column presents a ranking with increasing order numbers for decreasing scores.
It is evident that as more balancing restrictions are applied to the model, its discriminating power increases. The group of projects with the score 1 in the CCR results includes 8 projects and the range of scores for the other projects is [0.60, 1). In Eilat et al. (2008) was shown that after adding all balance constraints to the model, we are left with only three projects whose score is 1, and the range of the other scores is [0.55, 1). The change in the distribution is a result of the added information expressed by the balance bounds that were obtained from the managers and reflects their managerial approach. But in our approach we have one full ranking of DMUs. We We can also use correlation between the set of efficiency scores of the two approaches (our approach and second managerial approach in Eilat et al., 2008) for verifying the results of the our approach. The Spearman rank correlation coefficient is its analogue when the data is in terms of ranks. One can therefore also call it correlation coefficient between the ranks. The correlation coefficient is sometimes denoted by .
The numerical value of the correlation coefficient, , ranges between -1 and +1. The correlation coefficient is the number indicating the how the scores are relating:
Correlation coefficient=
With being the differences of the rank numbers and n being the number of rows of data. The equation is valid when n is greater than 4.
So we have:
The answer of 0.74 shows that there is a strong correlation between the 2 sets of data. So the DMUs were roughly in the same order for both approaches. 
Conclusion
This paper presented a new approach for R&D project evaluation based on the integration of common set of weights DEA model and balanced scorecard (BSC), which have proven to be useful measurement and analysis tools in many practical applications. Project evaluation based on common performance attribute weights was discussed in this paper where this is one of the merits of this paper. This approach improve discriminating power of DEA methods and also effectively yield more reasonable input and output weights without a priori information about the weights. Finally to illustrate the model capability it is applied to 50 projects borrowed from Eilat et al. (2008) .
